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INTRODUCTION 

In the design of structures one of the problems that Is of 

concern Is the so-called first encounter problem.     Thus, we 
wish to know In a given exposure time:  what is the probability 

that a load of a given magnitude will be reached?    We find this 

concern In a number of different applications.    In aeronautics, 

one of the concerns is the encounter of large gust  loads.    In 
the design of buildings or large outdoor structures, we are 

concerned with wind loads and loads due to earthquakes  (the 
probability that wind loads or earthquake loads of a given 

magnitude will be reached In   n    years). 
Reference 1 gives a general theoretical treatment of this 

probability problem.    Key In the development is a probability 
density distribution relating to the Interval of time between 

the encounter of like load levels.    For a sine wave the interval 
of time between the crossing of like levels is constant; the 
probability density  function for the Interval between crossings 
of a given magnitude is thus a "spike" or Dirac  function, 

located at the period of the wave.    For a random function the 
Interval of time between crossings of like  levels  is variable. 
The probability density function associated with intervals 

between like crossings depends on the nature of the random 
function under consideration.    The probability of encounter of 

a given level in a time    T    is thus also dependent on the nature 

of the function being considered. 
In this report,  some extensions to the theoretical develop- 

ments given in reference I are made.     In addition,  as a main 

goal, an experimental type  study is made of several types of 
functions to establish what the probability density  functions 
for Intervals between like  crossings are  like in real 
situations.    Three different type functions are considered: 

1) a random function as obtained from a random noise generator, 
2) "gust" acceleration records as obtained from an airplane 
encountering continuous atmospheric turbulence,  and 3)  deduced 
gust velocity records of continuous turbulence. 
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Vertical accelerations due to gusts.- The p function 

that was found by analyzing an actual vertical acceleration 

record obtained during an airplane gust encounter Is shown In 

figure 8.  The dashed line represents a fitted exponent lax 

function to the data at high t . We note, again, a rise In 

the function to form a peak at low values of t . The dotted 

curve and the dashed curve considered In combination corres- 

pond roughly to the n = 6 curve in figure 1. Note, It Is 

because of the results shown In figures 5 and 8 that a develop- 

ment of the functions shown In figures 1 and 2 were made. 

The fact that the p function shown in figure 8 does not 

behave in exponential fashion all the way to t * 0 has a 

physical Interpretation. The n « o» curve in figure 1 applies 

to a sequence of completely Independent events. For physical 

systems, however, successive response values within short 

Intervals of time cannot be independent of one another because 

of the response characteristics of the system. Consider 

figure 9.  The top sketch depicts a random input to a system 

under consideration.  The second sketch denotes the impulse- 

response function of the system, here folded over as in the 

sense of the superposition or convolution integral. The 

bottom sketch denotes the response that is being developed 

(the integration of the product of the top and middle 

sketches).  V» note the contrast of considering short time 

Intervals oi response, compared to long time intervals. 

Consider, for example, the cluster of large peaks in the Input 

in the region a . These peaks cannot come through in an 

Independent way in the output because of the averaging out, or 

"smearing" out properties of the system response characteristics. 

Thus, level crossings in the response in the region of a  (or b 

or c), are not strictly Independent of one another.  However, 

what happens in the region b  is independent of the region a , 

because the system has lost all memory of what was taking place 

at a .  In the same way, the response at c is independent of 

what has occurred at b or a .  Thus, in reference Lo the p 

curves, such as shown in figure 8, it is plausible that the 





Unfortunately, it Is not possible to infer the quantitative 

nature of the p function for atmospheric turbulence from 

figure 11, for two main reasons. One, the turbulence is not 

strictly stationary, as can be seen in figure 10. Second, the 

record length is not long enough. The experiment Is in need of 

repeating with a record that is more stationary and which is 

considerably longer, so that statistical reliability and a 

quantitative measure of p can be obtained. 
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Pig.   1.    Distribution Function for Repeat Time; Equation (12) 



P(T) 

n*oof or Eq. (6) 

Pig.   2.    Probability of Exceeding Load Level    x    In time    T  ; 
Equation (13) 



Flg.   3.    Raylelgh Distribution Function for Repeat Time 
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Flg.   k.     Probability of Exceeding for Raylelgh Distribution 
of Repeat Time 
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Flg. 7.  Distribution Function for Pepeat Tiir.e of Either Prr.I' 
or Negative Values for a Random Function 
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Flg.   8.     Distribution Function   for Repeat Time  for Airplane 
Vertical Acceleration due to Gust Encounter 
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Plg. 9.  System Response due to a Random Input 
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Pig. 10.  Time History of Vertical Gust Velocities 
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